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Background:  Increased area-level deprivation has been linked with a variety of 
negative HIV-related outcomes. Because individuals can experience multiple 
disadvantages simultaneously, a composite deprivation index representing multiple 
exposures can be useful for understanding the relationship between neighborhood 
deprivation and HIV care outcomes. 
Methods: We used communicable disease surveillance data from people newly 
diagnosed with HIV in North Carolina between July 2013 and December 2017 (N=5874) 
to investigate the association between neighborhood deprivation and three outcomes: 
linkage to care within 30 days of diagnosis, viral suppression within 365 days of 
diagnosis, and retention in care among those who linked within a year. Outcomes were 
based on laboratory measures reported to the surveillance system. We calculated 
probability differences (PD) and 95% confidence intervals (CI) comparing outcomes 
among individuals in more deprived census tracts to those in the least deprived tracts, 
with deprivation measured using a neighborhood index.  
Results: Overall, 63% of individuals linked to care within 30 days, 70% were virally 
suppressed within a year of diagnosis, and of those who linked within a year, 76% were 
retained in care. Individuals living in more deprived tracts had lower probabilities of 




(PD: -5.1%; 95% CI, -8.4%, -1.8%) than those in the least deprived tracts. There was no 
meaningful variation among quartiles of neighborhood deprivation regarding retention in 
care (PD: 2.5%; 95%CI, -0.9%, 5.8%). 
Conclusion: Increased neighborhood deprivation is negatively associated with 
successful care outcomes. By studying associations between neighborhood deprivation 
and HIV care outcomes, we can identify neighborhoods in which community-level 






















Completing this dissertation was a marathon I never thought I would finish and 
yet here I am, thanks to so many individuals who helped me across the finish line. 
 To my dissertation committee, Brian Pence, Joe Eron, Mike Emch, Lynne 
Messer, and Kim Powers, who dedicated their time and shared their knowledge and 
wisdom, all which helped guide and shape this work. 
 To Brian, thank you for taking me on as a student when I was most lost, and for 
being my dissertation chair these last few years. To Kim and Lynne, for meeting with me 
when I doubted myself, only to be encouraged by your words. To Joe, for taking time to 
talk things over in the office when he had a quick minute. To Mike for the encouraging 
words and adding in lightheartedness when most needed as my heart rate continued to 
climb.  
 To the Epi Department, especially Nancy Colvin and Valerie Hudock, who are 
amazing at supporting their students; Dr, Karin Yates, for allowing me to teach with the 
best TA team (Yasmin Barrios, Kam Reynolds, Sydney Thai); and all the professors and 
classmates for providing the foundation needed to make this dissertation possible. 
 At UNC, to Gigi Taylor for all her encouraging words during dissertation boot 
camp, to Chris Wiesen at the Odum Institute for statistical guidance, to Philip McDaniel 
for sharing all the GIS knowledge. 




Disease Branch, I am grateful to Nicole Adams, John Barnhart, Anna Cope, Jason 
Maxwell, Erika Samoff, and Brad Wheeler for helping me acquire, process, and 
understand my data. Without them I would still be banging my head against a wall trying 
to figure out what was wrong with my code. 
I would also like to thank my friends and family for their invaluable support and 
for pushing, and at times pulling, me across the finish line: Alison Krajewski, Kristen 
Rappazzo, Rebecca Ritter, Kaitlin Kennedy, Stacy Keast, Danelle Lobdell, and Spencer 
Gee. 
I am especially grateful to my parents and my sister, who have been supportive 










TABLE OF CONTENTS 
 
LIST OF TABLES ............................................................................................................xi 
LIST OF FIGURES ......................................................................................................... xii 
LIST OF ABBREVIATIONS ........................................................................................... xiii 
CHAPTER ONE: SPECIFIC AIMS .................................................................................. 1 
CHAPTER TWO: BACKGROUND .................................................................................. 5 
HIV in the United States ............................................................................................... 5 
HIV Care Continuum .................................................................................................... 6 
Neighborhood Deprivation and Health ......................................................................... 7 
Significance .................................................................................................................. 8 
CHAPTER THREE: METHODS .................................................................................... 11 
Study Population ........................................................................................................ 11 
Data source ............................................................................................................ 11 
Geocoding of addresses ......................................................................................... 11 
Measures ................................................................................................................... 12 
Exposure construction ............................................................................................ 12 
Covariates of interest .............................................................................................. 13 
Data Analysis ............................................................................................................. 14 
Aim 1 Analysis ........................................................................................................ 15 





CHAPTER FOUR: NEIGHBORHOOD-LEVEL DEPRIVATION, 
 HIV CARE LINKAGE AND VIRAL SUPPRESSION AMONG  
THOSE NEWLY DIAGNOSED WITH HIV IN NORTH CAROLINA,  
2013 - 2017 ................................................................................................................... 20 
Introduction ................................................................................................................ 20 
Methods ..................................................................................................................... 21 
Study population and data source .......................................................................... 21 
Outcome measures ................................................................................................ 22 
Exposure measure: Neighborhood deprivation index ............................................. 23 
Covariates .............................................................................................................. 24 
Statistical analysis .................................................................................................. 25 
Results ....................................................................................................................... 26 
Discussion.................................................................................................................. 29 
CHAPTER FIVE: NEIGHBORHOOD-LEVEL DEPRIVATION  
AND RETENTION IN CARE WITHIN A YEAR OF LINKING  
TO CARE AMONG THOSE NEWLY DIAGNOSED WITH HIV  
IN NORTH CAROLINA, 2013 - 2017 ............................................................................. 39 
Introduction ................................................................................................................ 39 
Methods ..................................................................................................................... 40 
Study population ..................................................................................................... 40 
Outcome measure .................................................................................................. 41 
Exposure measure and data source ....................................................................... 41 
Covariates .............................................................................................................. 42 
Statistical analysis .................................................................................................. 43 






CHAPTER SIX: CONCLUSIONS .................................................................................. 54 
Summary of Findings ................................................................................................. 54 
Strengths and Limitations .......................................................................................... 55 
Confounding ........................................................................................................... 56 
Public Health Implications and Future Directions ....................................................... 56 
APPENDIX .................................................................................................................... 58 
Supplementary Information for Chapter Four ............................................................. 58 






LIST OF TABLES 
 
 
Table 1. Neighborhood Deprivation Index domains and variables ................................ 18 
Table 2. Secondary Rural-Urban Commuting Area (RUCA) codes, 2010..................... 19 
Table 3. Demographic characteristics and main outcomes of  
persons newly diagnosed with HIV with geocoded addresses,  
overall and by quartile of the Neighborhood Deprivation Index,  
North Carolina, July 2013 - December 2017 ................................................................. 33 
Table 4. Unadjusted probability differences (PD, %) and 95% CI  
comparing whether individuals 1) linked to care within 30 days  
of an HIV diagnosis; 2) achieved viral suppression within one year  
of HIV diagnosis, by neighborhood deprivation quartile, stratified  
by date .......................................................................................................................... 35 
Table 5. Demographics of the study population ............................................................ 49 
Table 6. Probability differences (PD) and 95% confidence  
intervals (95% CI) comparing whether individuals who linked to  
care within a year of an HIV diagnosis were retained in care by  
neighborhood deprivation quartile, adjusted for age, sex and  
mode of transmission, stratified by 1) prompt linkage to care,  






LIST OF FIGURES 
 
 
Figure 1. HIV Care Continuum - The steps that people with HIV  
take from diagnosis to achieving and maintaining viral suppression ............................. 10 
 
Figure 2. Mean values (points) and 95% confidence intervals  
(CI; brackets) of individual NDI variables, by NDI quartile. ............................................ 36 
 
Figure 3. Unadjusted and adjusted probability differences (points)  
and 95% confidence intervals (CI; brackets) comparing whether  
individuals linked to care within 30 days of an HIV diagnosis by  
neighborhood deprivation quartile, non-stratified (NS) and  
stratified by race ............................................................................................................ 37 
 
Figure 4. Unadjusted and adjusted probability differences (points)  
and 95% confidence intervals (CI; brackets) comparing whether  
individuals achieved viral suppression within one year of an HIV  
diagnosis by neighborhood deprivation quartile, non-stratified (NS)  
and stratified by race ..................................................................................................... 38 
 
Figure 5. Unadjusted and adjusted probability differences (PD;  
points) and 95% confidence intervals (CI; brackets) comparing  
whether individuals who linked to care within a year of an HIV  
diagnosis were retained in care by neighborhood deprivation quartile .......................... 52 
 
Figure 6. Retention percentages, overall and by quartile, stratified  
by prompt linkage to care among those who linked to care within  






LIST OF ABBREVIATIONS 
 
 
AA  African American 
ACS  American Community Survey 
AIDS  Acquired immunodeficiency syndrome 
ART  Antiretroviral therapy 
CDC  Centers for Disease Control and Prevention 
CI  Confidence interval 
CROWD Crowded households 
ED  Education 
eHARS enhanced HIV/AIDS Reporting System 
FHHH  Female-headed households 
HIV   Human immunodeficiency virus 
HRSA HAB Health Resources and Services Administration HIV/AIDS Bureau 
IDU  Injection drug use  
INC  Income 
MSM  Men who have sex with men 
NCDPH North Carolina Division of Public Health 
NCECHO North Carolina Engagement in Care Database for HIV Outreach 
NC EDSS North Carolina Electronic Disease Surveillance System 
NDI  Neighborhood deprivation index 
NHAS  National HIV/AIDS Strategy 
OCC  Occupation 




POV  Poverty 
PLWH  Persons living with HIV/AIDS 
PUB  Public assistance 
Q1  Quartile 1 of the neighborhood deprivation index 
Q2  Quartile 2 of the neighborhood deprivation index 
Q3  Quartile 3 of the neighborhood deprivation index 
Q4  Quartile 4 of the neighborhood deprivation index 
SDH  Social determinants of health 
SES  Socioeconomic status 
UNEMP Unemployed 







CHAPTER ONE: SPECIFIC AIMS 
 
Human immunodeficiency virus (HIV) remains a public health problem in the 
United States, and around the world, four decades after its discovery.1,2 Over one 
million people in the United States live with HIV.2 The southern United States has the 
highest rate of HIV diagnoses compared to the Northeast, Midwest, and West, along 
with less favorable outcomes on the care continuum and survival after HIV diagnosis.2-5 
Rates of poverty are also highest in the South.6  
Many barriers exist to linking to and remaining engaged in medical care, 
particularly for those living with HIV. These barriers can be individual (e.g., lack of 
ownership of a vehicle) or structural (e.g., poorly funded education systems). Structural 
barriers can be viewed in the context of area-level deprivation.7 Area-level deprivation 
refers to disadvantages contained within a neighborhood as opposed to an individual-
level effect, including high crime, high unemployment rates, lack of healthcare services, 
low community-wide education levels, and high poverty rates. Persons living with HIV 
(PLWH) who also have low socioeconomic status (SES) do not receive the same 
medical services, including health insurance coverage8, as those with higher SES. Lack 
of health insurance is one reason why many with low SES have later HIV diagnoses, 
delaying their start on the care continuum, and also have lower accessibility of 
antiretroviral therapy (ART).9 Increased area-level deprivation has been linked with a 
variety of negative HIV-related outcomes, including increased HIV infection10, AIDS 
mortality11, and delayed linkage to care.12  
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My overall objective is to assess the relationship of neighborhood social 
deprivation with outcomes along the HIV/AIDS care continuum in North Carolina. My 
hypothesis is that individuals who reside in more socially deprived neighborhoods 
experience worse HIV outcomes, including 1) taking longer to link to care once 
diagnosed, 2) being less likely to be retained in care within one year of linking, and 3) 
taking longer to achieve viral suppression. To address this objective, I combine US 
census tract data with individual-level data from the North Carolina enhanced HIV/AIDS 
Reporting System (eHARS) for individuals newly diagnosed with HIV between 2013 and 
2017. My aims were: 
Aim 1A: Assess the relationship between residing in a census tract 
characterized by greater neighborhood deprivation and the probability of linking 
to HIV care within 30 days of diagnosis among persons living with HIV/AIDS 
(PLWH). This analysis included all individuals diagnosed with HIV in NC between July 
2013 and December 2017. Neighborhood deprivation was defined at the census tract 
level using an existing comprehensive census-based neighborhood deprivation index 
combining indicators of income and poverty, education, employment, housing, and 
occupation.13  As is standard with care continuum analyses using HIV surveillance 
data14,15, linkage to care was assessed on the basis of laboratory proxies (CD4 or viral 
load measures) available in the North Carolina Electronic Disease Surveillance System 
(NC EDSS). We hypothesized that individuals living in more deprived census tracts 
were less likely to link to care within 30 days of diagnosis compared to individuals living 
in less deprived census tracts. 
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Aim 1B: Assess the relationship between residing in a census tract 
characterized by greater neighborhood deprivation and viral suppression within 
one year of diagnosis among those who were not suppressed at the time of 
linkage. Individuals were considered virally suppressed if they had a viral load measure 
<200 cells/mL within one year of diagnosis. Those with no VL measure in the first year 
were considered not suppressed. We assessed the probability difference of achieving 
viral suppression across quartiles of neighborhood deprivation. We hypothesized that 
individuals living in more deprived tracts had a lower probability of being virally 
suppressed within a year of their HIV diagnosis. 
Aim 2: Assess the relationship between residing in a census tract 
characterized by greater neighborhood deprivation and retention in care in the 
year following linkage among PLWH who have linked to care within a year of 
diagnosis. An individual was considered linked to HIV care if they had at least one care 
marker (CD4 or VL measure) within a year of their diagnosis date. Among those who 
linked to care, we assessed the main outcome of HIV care retention, which we defined 
as having at least two lab measures separated by at least 90 days in the one-year 
period after linkage. We hypothesized that individuals living in more deprived tracts had 
a lower probability of being retained in care compared to those in less deprived tracts.   
Using an area-level deprivation index, we can assess the relationship between 
neighborhood deprivation and HIV care. Results from the completed study have the 
potential to impact communities by directing resources, such as mobile-care units, to 
areas identified as high-risk or areas that have not met the National HIV/AIDS Strategic 
Plan16 (NHSP) 2021-2025 goals, as well as addressing disparities in care including 
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through interventions at the neighborhood or area level. These interventions, in turn, 









CHAPTER TWO: BACKGROUND 
 
 
HIV in the United States 
Human immunodeficiency virus (HIV) continues to be a serious health issue 
around the world. In the United States, over 1.2 million individuals live with HIV and as 
many as one in seven do not know they are infected. From 2015 to 2019, the rate of 
new HIV diagnoses per 100,000 population decreased from 12.4 to 11.1 During that 
same period, the rate of persons living with HIV (PLWH) per 100,000 population 
increased from 296.7 to 318.4.2  
HIV infections are not distributed proportionately throughout the United States. 
The South accounts for 53% of the HIV infections while only making up 38% of the 
population.17,18 The Southern states have the highest rate of HIV diagnoses compared 
to the Northeast, Midwest, and West regions. In 2019, the rate of HIV diagnoses in the 
South was 15.2 per 100,000.2 
Individuals identifying as Black or African American have the highest percentage 
of new diagnoses, accounting for 37% of new HIV cases even though they make up 
only 13% of the US population. Hispanics/Latinos are also disproportionately affected, 
accounting for 26% of new diagnoses but making up 19% of the population.19,20  
Over 35,000 PLWH resided in North Carolina (NC) at the end of 2019.21,22 The 
rate of new diagnoses in 2019 was 15.6 per 100,000 people in NC. Blacks/African 
Americans represented 62% of new HIV cases in NC but accounted for only 22% of the 
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state’s population. Whites represented 25% of new HIV cases even though NC has a 
predominantly White population (71%).22 These numbers show how disproportionately 
HIV affects different populations compared to the overall population, particularly 
minorities. 
HIV Care Continuum 
Early diagnosis is important to best treat individuals living with HIV. Once these 
individuals are linked to care, retaining them in care allows for higher rates of ART 
adherence and leads to faster and sustained viral suppression and slower progression 
to AIDS, as suggested by Figure 1.23-25 Late diagnosis has been defined as having a 
CD4 count of <200 cells/µl, having <8 weeks from diagnosis to AIDS event, or having a 
HIV+ test in the preceding or same month as an AIDS event. Depending on the 
definition of late diagnosis, anywhere from 15% to 43% of new cases of HIV are 
considered late-presenting.26,27 
Many factors can affect how quickly a person is diagnosed, including poverty and 
immigration status. Immigrants and individuals living in poverty have more difficulty 
accessing testing.24,28 These groups tend to struggle to access health care in general, 
experiencing barriers including lack of health insurance, language barriers, fear of 
discrimination, and lack the availability of routine medical care where regular HIV testing 
can be done. Because routine health care is not readily available to them, many 
individuals in these groups do not present to be tested until the disease has progressed 
to the late diagnosis stage, often in emergency care settings. Another factor affecting 
how quickly a person is diagnosed is his or her belief that they are not at risk for HIV; 
therefore the individual does not seek counseling or testing until the disease has 
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progressed.26,28 Individuals may have a low perceived risk if they are in a relationship or 
have a sexual agreement with their partner, but these things not preclude risk of HIV 
infection, especially among men who have sex with men (MSM).28 
Once individuals are diagnosed, it is important for them to get linked to care, start 
ART to achieve viral suppression and minimize transmission, and once in care, to stay 
in care. Those individuals who are linked to care and stay in care are the ones who are 
likely to remain virally suppressed and not progress to an AIDS diagnosis. As with initial 
diagnosis, racial/ethnic minorities and indigent individuals are at greater risk for not 
staying in care.29 Individuals who lack health insurance are also at increased risk of not 
staying in care.30  
Neighborhood Deprivation and Health 
Social deprivation falls under the larger umbrella term of social exclusion. Social 
deprivation can be defined as a “hardship caused by a lack of the ordinary material 
benefits of life in society,” among other definitions, and is a term that has origins in the 
19th century.31 Social deprivation is not a new concept; however, more researchers have 
begun to study how social deprivation affects health outcomes. 
The Southern US bears the highest burden of poverty. Seven of the 17 states 
that comprise the South have a poverty rate above 17%, compared to the national 
poverty rate of 14.8%. Only one state has a poverty rate below 11% (Maryland).6 
Negative health outcomes have been associated with poverty. Compared to other areas 
in the US, the South has higher incidence of cardiovascular disease and other adverse 
outcomes. Much of this can be attributed to poor access to health care and inadequate 
care options. Recent studies have found that neighborhood-level deprivation is 
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associated with poorer health. Along with using higher-level geographical area (county) 
variables to define poverty, geocoding to lower-level geographical levels (census tract, 
block group) allows for a more individualized area-level socioeconomic status and 
health inequalities.7,32-34 Using these geocoding techniques, researchers have found 
that high individual social deprivation has been associated with poor health outcomes 
including preterm birth, cardiovascular disease, and cancer.35-38 
Significance 
HIV is still a problem in the United States, especially the Southern US, where poverty is 
also highest. 
New diagnoses of HIV continue to plague the Southern region of the US. As 
previously mentioned, the rate of new diagnoses in the South is 15.2 per 100,000 
population, the highest regional rate in the US. Rates of poverty are also highest in this 
region. North Carolina has seen an increase in poverty from 2013 on and in 2019 had  
an average poverty rate above the national average (13.6% vs 10.5%).20,39 It is crucial 
to understand how high deprivation, which includes poverty, affects human health. Few 
studies relating to HIV have been done to determine how high aggregate social 
deprivation measures play a role in possible late entry to care and retention in care. 
This study adds much-needed insight about the role social deprivation plays in HIV 
care. 
This study leverages the existing data collected by the NC Department of Health and 
Human Services. 
This study uses existing surveillance data from the state, which is the most 
comprehensive dataset of persons living with HIV in NC. These data are collected for 
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each individual with HIV/AIDS if they have a positive HIV test. Because HIV is a 
reportable disease, any new diagnosis or any laboratory test must be reported to the 
state. This surveillance dataset allows for the most comprehensive determination of the 
number of HIV-infected individuals in the state. It also allows for group-level and 








Figure 1. HIV Care Continuum - The steps that people with HIV take from diagnosis to 











The source population for this study is all persons 13 years of age and older who 
were newly diagnosed with HIV in North Carolina (NC) between July 2013 and 
December 2017 with a residential address that could be geocoded to a NC census tract. 
Reporting of new HIV cases is done by local public health departments and the case 
information is collected using the North Carolina Electronic Disease Surveillance 
System (NC EDSS). For the state HIV/STD surveillance reports, however, the state 
uses data from the enhanced HIV/AIDS Reporting System (eHARS) provided by the 
Centers for Disease Control and Prevention (CDC). CD4 cell counts and viral load (VL) 
measures are kept in these surveillance systems. All VL measures, including non-
detects and suppressed values, became required reporting in NC in July 2013. Because 
viral loads were used in the determination of study outcomes, the study period was 
limited from July 2013 (when comprehensive data became available) to December 
2017.  
Geocoding of addresses 
To determine an individual’s neighborhood deprivation index (NDI) score, 
individual addresses at diagnosis were geocoded to their census tract. We used the 
Geocode Addresses tool within ArcMap and the Esri Business Analyst 2018 Address 
Locator (StreetMap Premium for ArcGIS North America HERE 2017 Release 2, 
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Redlands, CA). We excluded 15 persons who either could not be geocoded to a census 
tract or were geocoded to census tracts outside of NC. We also excluded 39 persons 
under the age of 13 and 105 persons diagnosed in prison, as neighborhood deprivation 
is a less relevant concept in these settings. 
Measures 
Exposure construction 
There is not a consensus on the best way to measure neighborhood deprivation; 
experts do not agree whether using one census variable for estimation or an index 
developed using multiple census variables is best.13 Multiple indices exist in the 
literature, many census-based, others based on individual-level data.12,13,41-43 We chose 
to use the neighborhood deprivation index (NDI) because it is a well-researched index 
that has been used and validated in many health outcome areas, including preterm 
birth13 and small-for-gestational age term births.44,45 The index is calculated using eight 
previously identified relevant census-based social demographic variables: 1) 
households in poverty, 2) female-headed households with dependent children <18 
years of age, 3) households earning <$30,000 per year, 4) households on public 
assistance, 5) households with <1 person per bedroom, 6) adults in the civilian 
population unemployed, 7) adults age 25+ earning less than a high school education, 
and 8) males and females age 16+ in management and professional occupations. 
These variables represent five socio-demographic domains—poverty, occupation, 
housing, employment, and education—where each domain is represented by at least 
one variable. For better correspondence with the dates of our study period, we updated 
the NDI, which was originally based on year 2000 census data, using NC data from the 
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2013-2017 American Community Survey (ACS) at the census tract level. See Table 1 
for NDI domains and variables. 
The process for creating the NDI has been described previously.13,44,45 Briefly, we 
ran principal component analysis with the eight variables. The first principal component 
was then used to calculate a weighted loading for each variable. We then multiplied the 
weighted loadings by the corresponding census tract percentage value, and the 
resulting variable-specific products were then summed across the index variables to 
calculate a summary deprivation score for each census tract. Once a score was 
calculated, the index was standardized to have a mean of 0 and a standard deviation of 
1 within this dataset. The higher the score, the greater the census tract deprivation. We 
calculated the NDI for all 2195 census tracts in NC and then assigned all persons in the 
study population a score based on their census tract at diagnosis. For analysis, the 
index was divided into quartiles, with the lowest quartile (least deprived) used as the 
referent. 
Covariates of interest 
We considered both individual-level and area-level covariates, selected a priori from 
available variables based on confounders identified in the literature.46,47  
1. Sex. Self-reported sex categorized as male or female 
2. Age at diagnosis. Age was categorized in 10-year increments and coded as an 
ordinal variable. 
3. HIV transmission risk category. Defined on the basis of reported behaviors and a 
hierarchical algorithm for assigning the most likely route of transmission. Categories 
included heterosexual-all, injection drug use (IDU), men who have sex with men 
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(MSM), MSM/IDU, and other risks, including injection drug use, perinatal 
transmission, no risk identified, and no risk response.22  
4. Combined sex and transmission risk variable. Categories for this variable 
included female heterosexual, male heterosexual (referent group), male who has 
sex with males (MSM), female other risks, and male other risks. 
5. Race/ethnicity. We stratified our analyses by self-reported race/ethnicity to account 
for the non-exchangeability of White/non-White identities and residual confounding 
by race.48,49 Due to low numbers in some racial/ethnic categories, race/ethnicity was 
divided into Black non-Hispanic (hereafter referred to as Black), White non-Hispanic 
(hereafter referred to as White), and Other in regression analyses. 
6. Urbanicity. Census-tract urbanicity was based on the Washington State Department 
of Health Rural/Urban Commuting Areas (RUCA) (Table 2).50,51 Tract RUCA was 
dichotomized using recommended scheme 1, with secondary RUCA codes 1.0 and 
1.1 representing “urban” and the remaining 19 secondary codes collapsed into a 
“non-urban” category.50,51  
Data Analysis 
 We used linear and multivariable regression models to determine the relationship 
between neighborhood deprivation and HIV care outcomes. The NDI was used to 
capture a more complex picture of neighborhood deprivation while simplifying the 
analyses. All analyses were conducted using SAS 9.4 (Cary, NC). 
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Aim 1 Analysis 
We investigated two key outcomes along the HIV care continuum40, linkage to care and 
viral suppression. The outcomes of interest were assessed via laboratory proxies (CD4 
or HIV viral load measures) available from NC EDSS. Specifically, we assessed:  
1. Prompt Linkage to Care (dichotomous). Defined as having at least one care 
marker (CD4 or VL) within 30 days of diagnosis  
2. Viral Suppression (dichotomous). Defined as having a VL measure <200 
cells/mL within one year of diagnosis, among those who were not suppressed at 
the time of linkage. Those with no VL measure in the first year were considered 
not suppressed. 
Though the NDI was calculated for all 2195 census tracts in NC, we divided the 
distribution of neighborhood deprivation into quartiles among the 1,613 census tracts 
that had at least one person newly diagnosed with HIV in the study period. Quartile 1 
(Q1) represented the least deprived tracts and Q4 represented the most deprived tracts. 
We constructed unadjusted linear models to calculate probability differences 
(PD) and 95% confidence intervals (CI) comparing our two outcomes between persons 
in census tracts with deprivation quartiles 2, 3, and 4 (separately) to those in tracts with 
deprivation quartile 1 (representing the least deprived tracts). In multivariable regression 
models, we stratified by race/ethnicity and adjusted for the other covariates chosen a 
priori: sex and transmission risk, categorical age, and living in a non-urban or urban 
tract. 
To assess the possibility of outcome misclassification in the first two years of the 
study period, we conducted two additional sets of analyses in which we examined the 
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exposure and outcomes in alternative ways.  In the first set, we examined the 
relationship between the deconstructed index components and each outcome to 
determine whether any individual component was driving the association. We 
conducted this first set of analyses in two ways: 1) separate models with each NDI 
variable as a single exposure, and 2) a multivariable model including all NDI variables 
as predictors simultaneously. Each single-variable value (percentage) was scaled to 
range from 0 (0%) to 10 (100%), such that the reported associations would reflect the 
change in outcome associated with a 10-percentage-point increase in each indicator. In 
the second set of analyses, we assessed linkage to care within three months of 
diagnosis to align with another definition of care linkage monitored by the CDC.52 
We also conducted a sensitivity analysis to assess the possibility of outcome 
misclassification in the first two years of the study period.  Although VL reporting was 
required by law as of July 2013, reporting by all labs in NC was not fully in place until 
mid-2015. As such, we restricted this sensitivity analysis to individuals diagnosed after 
June 30, 2015.  
Aim 2 Analysis 
The outcome of interest for this analysis was retention in HIV care within a 
year of linkage among those who linked to care within a year of HIV diagnosis 
(dichotomous).  
An individual was considered linked to HIV care if they had at least one care 
marker (CD4 or VL measure) within a year of their diagnosis date. To account for labs 
drawn on the same day as diagnosis or as part of diagnosis during a hospital stay that 
may not reflect actual HIV care linkage, we excluded labs from the day of and day after 
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diagnosis in defining linkage. Among those who linked to care, we assessed the main 
outcome of HIV care retention, which we defined as having at least two lab measures 
separated by at least 90 days in the one-year period after linkage.53  
We divided the exposure (i.e., neighborhood deprivation) into quartiles among 
the 1543 census tracts that had at least one person link to care within a year of 
diagnosis. Quartile 1 (Q1) represented the least deprived tracts and Q4 the most 
deprived tracts.  
We calculated probability differences (PD) and 95% confidence intervals (CI) 
comparing outcomes among those residents in more deprived tracts [quartiles 2 (Q2), 3 
(Q3), 4 (Q4)] to those in the least deprived tracts in Q1 using unadjusted linear models. 
We then constructed three multivariable linear models adjusting for 1) age at diagnosis, 
sex and presumed mode of transmission, and urbanicity; 2) individual-level covariates 
only (age at diagnosis, sex and presumed mode of transmission); and 3) area-level only 
(urbanicity). Unadjusted and multivariable modeling analyses were conducted with the 
full population and then stratified by prompt linkage and race/ethnicity. When stratifying 
by race/ethnicity, we only present results for Black and White strata, due to the small 




Table 1. Neighborhood Deprivation Index domains and variables 
 
Poverty Domain  




Percent of families with female headed households 
Income (INC) Percent of households with annual income < 
$30,000 
Public Assistance (PUB) Percent of households on public assistance 
Occupation Domain  
Occupation (OCC) Percent of males and females in management and 
professional occupations 
Housing Domain  
Housing (CROWD) Percent of crowded households (homes with >1 
person per bedroom) 
Employment Domain  
Employment (UNEMP) Percent of people age 16+ in civilian population 
currently unemployed 
Education Domain  






Table 2. Secondary Rural-Urban Commuting Area (RUCA) codes, 2010 
Code Classification description 
1 Metropolitan area core: primary flow within an urbanized area (UA) 
1.0 No additional code 
1.1 Secondary flow 30% to 50% to a larger UA 
2 Metropolitan area high commuting: primary flow 30% or more to a UA 
2.0 No additional code 
2.1 Secondary flow 30% to 50% to a larger UA 
3 Metropolitan area low commuting: primary flow 10% to 30% to a UA 
3.0 No additional code 
4 Micropolitan area core: primary flow within an urban cluster of 10,000 to 49,999 
(large UC) 
4.0 No additional code 
4.1 Secondary flow 30% to 50% to a UA 
5 Micropolitan high commuting: primary flow 30% or more to a large UC 
5.0 No additional code 
5.1 Secondary flow 30% to 50% to a UA 
6 Micropolitan low commuting: primary flow 10% to 30% to a large UC 
6.0 No additional code 
7 Small town core: primary flow within an urban cluster of 2,500 to 9,999 (small UC) 
7.0 No additional code 
7.1 Secondary flow 30% to 50% to a UA 
7.2 Secondary flow 30% to 50% to a large UC 
8 Small town high commuting: primary flow 30% or more to a small UC 
8.0 No additional code 
8.1 Secondary flow 30% to 50% to a UA 
8.2 Secondary flow 30% to 50% to a large UC 
9 Small town low commuting: primary flow 10% to 30% to a small UC 
9.0 No additional code 
10 Rural areas: primary flow to a tract outside a UA or UC 
10.0 No additional code 
10.1 Secondary flow 30% to 50% to a UA 
10.2 Secondary flow 30% to 50% to a large UC 
10.3 Secondary flow 30% to 50% to a small UC 












CHAPTER FOUR: NEIGHBORHOOD-LEVEL DEPRIVATION, HIV CARE LINKAGE 
AND VIRAL SUPPRESSION AMONG THOSE NEWLY DIAGNOSED WITH HIV IN 




Human immunodeficiency virus (HIV) continues to be a serious health issue in 
the United States (US), particularly in the South, which bears the highest HIV burden in 
the country. The number of new HIV diagnoses in the United States was 11.8 per 
100,000 population in 2018, while the number in the southern US was 15.7 per 100,000 
population.2,19   
With the introduction and widespread uptake of antiretroviral therapy (ART), 
morbidity and mortality from HIV have decreased substantially during the past 15 
years.54-56 A person living with HIV (PLWH) who begins ART early and remains virally 
suppressed has a near-normal life expectancy and cannot transmit the virus.14,57 
Therefore, it is important for people who have been diagnosed with HIV to be linked to 
care so they can promptly start ART and achieve viral suppression. To achieve the 
National HIV/AIDS Strategy (NHAS) goals of reducing new HIV infections and improving 
HIV care outcomes16, it is important to identify the barriers people face when linking to 
care and receiving and adhering to ART.  
Many barriers can hinder medical care linkage and engagement, particularly 
among those living with HIV. These barriers can be individual (e.g., lack of health 
insurance or ownership of a vehicle) or structural (e.g., poorly funded education 
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systems or lack of access to public transportation). Structural barriers can be viewed in 
the context of area-level deprivation. Area-level deprivation refers to disadvantages that 
are properties of a neighborhood rather than an individual, including high crime, high 
unemployment rates, lack of healthcare services, low community-wide education levels, 
and high poverty rates. Increased area-level deprivation has been linked with a variety 
of negative HIV-related outcomes, including increased HIV infection10 and AIDS 
mortality11 and delayed linkage to care.12  
In this study, we aimed to examine the relationship between neighborhood 
deprivation and two HIV care continuum40 outcomes, linkage to care and viral 
suppression, among newly HIV-diagnosed persons in North Carolina (NC). We 
characterized neighborhood deprivation with an index that has been studied in relation 
to numerous health outcomes, calculated at the census tract level from multiple census 
variables. Prior studies58,59 have examined how single area-level deprivation indicators 
relate to HIV care linkage and viral suppression, but only a handful of studies12,41 have 
combined indicators to create an index, and none have been conducted at the census 
tract-level for an entire state. Because individuals experience multiple exposures 
simultaneously, it is useful to understand the relationship between neighborhood 
deprivation represented as an index of multiple exposures and HIV care.  
Methods 
Study population and data source 
The data for this study come from a statewide surveillance system that captures 
information about PLWH in NC. Local public health departments collect and report case 
information for newly diagnosed persons using the North Carolina Electronic Disease 
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Surveillance System (NC EDSS). Beginning in July 2013, NC law has also mandated 
that all CD4 cell counts and viral load (VL) measures collected from PLWH in NC be 
reported to and stored in the surveillance system. The population for this analysis 
includes all persons aged 13 years of age and older who were newly diagnosed with 
HIV in NC between July 2013 and December 2017 who could be geocoded to NC 
census tracts. To geocode to the census tract, we used the Geocode Addresses tool 
within ArcMap and the Esri Business Analyst 2018 Address Locator (StreetMap 
Premium for ArcGIS North America HERE 2017 Release 2, Redlands, CA). Persons 
diagnosed with HIV in prison were excluded, as neighborhood deprivation is a less 
relevant concept in these settings and HIV care occurs in-house.  
Outcome measures 
We investigated two key outcomes along the HIV care continuum40: linkage to 
care and viral suppression. As is standard with care continuum analyses using HIV 
surveillance data14,15, linkage to care was assessed via laboratory proxies (CD4 or HIV 
VL measures) available in NC EDSS. More specifically, we assessed: 1) prompt linkage 
to care, defined as having at least one care marker (CD4 or VL) within 30 days of 
diagnosis; and 2) viral suppression, defined as having a VL measure <200 cells/mL 
within one year of diagnosis, among those who were not suppressed at the time of 
linkage. Those with no VL measure in the first year were considered not suppressed. 
We excluded 39 persons under the age of 13, 105 persons diagnosed in prison, and 15 
persons who either could not be geocoded to a census tract or were geocoded to 
census tracts outside of NC. Death was treated as a competing event; people who died 
during the study period (N=254) were retained in the analysis (i.e., coded as outcome-
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positive if they experienced an outcome prior to death, and as outcome-negative 
otherwise).  
Exposure measure: Neighborhood deprivation index 
We calculated a neighborhood deprivation index (NDI) that has been validated 
and used with other health outcomes, including preterm birth, small-for-gestational-age 
births, and cardiometabolic factors.44,45,60 For better correspondence with the dates of 
our study period, we updated the NDI, which was originally based on year 2000 census 
data, using NC data from the 2013-2017 American Community Survey (ACS) at the 
census tract level. The index is calculated using eight census tract-level variables that 
represent five socio-demographic domains. The census variables include percentages 
of: 1) households in poverty, 2) female-headed households with dependent children <18 
years of age, 3) households earning <$30,000 per year, 4) households on public 
assistance, 5) households with >1 person per bedroom, 6) adults in the civilian 
population unemployed, 7) adults age 25+ earning less than a high school education, 
and 8) males and females age 16+ in management and professional occupations. The 
variable measuring percentage of people in the census tract in a management and 
professional occupation is expected to be inversely associated with deprivation, unlike 
the other seven variables.  
The process for creating the NDI has been described previously.13,44,45 Briefly, we 
ran principal component analysis with the eight variables. The first principal component 
was then used to calculate a weighted loading for each variable. We then multiplied the 
weighted loadings by the corresponding census tract percentage value, and the 
resulting variable-specific products were then summed across the index variables to 
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calculate a summary deprivation score for each census tract. Once a score was 
calculated, the index was standardized to have a mean of 0 and a standard deviation of 
1 within this dataset. The higher the score, the greater the census tract deprivation. We 
calculated the NDI for all 2195 census tracts in NC and then assigned all persons in the 
study population a score based on their census tract at diagnosis. We then divided the 
distribution of neighborhood deprivation into quartiles among the 1613 census tracts 
that had at least one person newly diagnosed with HIV in the study period. Quartile 1 
(Q1) represented the least deprived tracts and Q4 represented the most deprived tracts.  
Covariates 
We considered both individual-level and area-level covariates, selected a priori 
from available variables based on confounders identified in the literature.46,47 Individual-
level covariates taken from surveillance records were self-reported sex, age at 
diagnosis, and HIV transmission risk category, defined on the basis of reported 
behaviors and a hierarchical algorithm for assigning the most likely route of 
transmission.22 We also created a combined sex and transmission risk variable with the 
following possible values: female heterosexual, male heterosexual, male who has sex 
with males (MSM), female other risks, and male other risks. Other risks included 
injection drug use, perinatal transmission, no risk identified, and no risk response. Age 
was categorized in 10-year increments and coded as an ordinal variable. The only area-
level covariate we included was census tract urbanicity based on the Washington State 
Department of Health Rural/Urban Commuting Areas (RUCA) (Table 2).50,51 Tract 
RUCA was dichotomized using recommended scheme 1, with secondary RUCA codes 
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1.0 and 1.1 representing “urban” and the remaining 19 secondary codes collapsed into 
a “non-urban” category.  
We stratified our analyses by self-reported race/ethnicity to account for the non-
exchangeability of White/non-White identities and residual confounding by race.48,49 Due 
to low numbers in some racial/ethnic categories, race/ethnicity was divided into Black 
non-Hispanic (hereafter referred to as Black), White non-Hispanic (hereafter referred to 
as White), and Other in regression analyses. 
Statistical analysis 
We computed frequencies and means for our two main outcomes (linkage to 
care within 30 days of diagnosis, viral suppression within a year of diagnosis) and for 
race/ethnicity, age at diagnosis, sex, and transmission risk category. We constructed 
unadjusted linear models to calculate probability differences (PD) and 95% confidence 
intervals (CI) comparing our two outcomes between persons in census tracts with 
deprivation quartiles 2, 3, and 4 (separately) to those in tracts with deprivation quartile 1 
(representing the least deprived tracts). In multivariable regression models, we stratified 
by race/ethnicity and adjusted for the other covariates chosen a priori: sex and 
transmission risk, categorical age, and living in a non-urban or urban tract. All analyses 
were conducted with SAS 9.4 (Cary, NC). 
We conducted two additional sets of analyses in which we examined the 
exposure and outcomes in alternative ways.  In the first set, we examined the 
relationship between the deconstructed index components and each outcome to 
determine whether any individual component was driving the association. We 
conducted this first set of analyses in two ways: 1) separate models with each NDI 
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variable as a single exposure, and 2) a multivariable model including all NDI variables 
as predictors simultaneously. Each single-variable value (percentage) was scaled to 
range from 0 (0%) to 10 (100%), such that the reported associations would reflect the 
change in outcome associated with a 10-percentage-point increase in each indicator. In 
the second set of analyses, we assessed linkage to care within three months of 
diagnosis to align with another definition of care linkage monitored by the CDC.52 
We also conducted a sensitivity analysis to assess the possibility of outcome 
misclassification in the first two years of the study period.  Although VL reporting was 
required by law as of July 2013, reporting by all labs in NC was not fully in place until 
mid-2015. As such, we restricted this sensitivity analysis to individuals diagnosed after 
June 30, 2015.  
Results 
Between July 2013 and December 2017, 6033 persons were newly diagnosed 
with HIV in NC. The final analytic dataset included 5874 individuals, most of whom were 
male (80.2%), Black (63.3%), and lived in census tracts considered urban (76.8%) 
(Table 3). Q4 had the greatest number of HIV diagnoses (N=2163) and Q1 had the 
fewest (N=1076), with Q2 and Q3 having intermediate values (1239 and 1396, 
respectively). The most common age stratum was 20-29 years (41.1%). In the analysis 
population, 3717 (63.3%) PLWH linked to care within 30 days of diagnosis and 4114 
(70%) had at least one VL measure <200 cells/mL within one year of diagnosis.  
As shown in Figure 2, mean tract-level values in Q4 were higher than in Q1 for all 
index variables except percentage of management occupations (as expected). For 
example, census tracts in Q1 had an average of 4.4% unemployment and 13.7% of 
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families with a female head of household, compared to 12.8% and 49.8%, respectively, 
in Q4.  
The probability that an individual linked to care within 30 days of diagnosis varied 
between those in the least deprived (Q1) and more deprived (Q2, Q3, Q4) census tracts 
(Table 4). For those in Q1, 69% linked within 30 days of diagnosis, while in Q2, Q3, and 
Q4, the percentage who linked to care was lower (62%, 62%, 61%, respectively). In 
unadjusted models not stratified by race, persons in NDI Q2, Q3, and Q4 had 
decreased probabilities of linking to care within 30 days compared to those in Q1 
[Unadjusted probability differences (PD) relative to Q1 (95% CI) for Q2: -6.7% (-10.5%, 
-2.8%); for Q3: -6.8% (-10.6%, -3.1%); for Q4: -7.7% (-11.1%, -4.3%)] (Figure 3a). As 
seen in Figures 3b, 3c, and 3d, this pattern was robust to covariate adjustment. Some 
variation in the precision of the relationship between NDI quartile and care linkage was 
observed across racial/ethnic groups, however. Among Black people, point estimates 
and confidence intervals were similar to those from the full population. Among White 
people, point estimates were similar but considerably less precise. Among those in the 
Other racial category, point estimates were much less precise and were less uniform 
across the three “more deprived” quartiles than among Black people (Supplemental 
Table 1).  
As with the linkage to care outcome, the probability of achieving viral suppression 
in the year after diagnosis was highest among people in the least deprived (Q1: 73%) 
and lower in the more deprived census tracts (Q2: 69%; Q3: 72%; Q4: 68%) (Table 3). 
In unadjusted models not stratified by race, persons in NDI Q2, Q3, and Q4 had lower 
probabilities of viral suppression relative to Q1; however, the differences were smaller in 
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magnitude than for the linkage to care outcome and were less uniform across quartiles 
[unadjusted PD relative to Q1 (95% CI) for Q2: -4.2% (-7.9%, -0.5%); for Q3: -1.0% (-
4.5%, 2.6%); for Q4: -5.1% (-8.4%, -1.8%)] (Figure 4a). As with linkage to care, the 
pattern of decreased viral suppression in the more deprived tracts was largely robust to 
covariate adjustment (Figures 4b-4d). There was some variation when stratifying by 
race, though precision was reduced due to smaller samples. Among individuals 
identifying as Black, the probability of viral suppression was slightly lower in Q2-Q4 
versus Q1, though all confidence intervals crossed the null (Figures 4b-4d). For 
individuals identifying as White or classified as Other, persons in Q2 and Q4 had a 
lower probability of suppression than persons in Q1.  Non-Black individuals in Q3 had a 
higher probability of viral suppression when compared to Q1, though most confidence 
intervals crossed the null (Figure 4; Supplemental Table 2).  
The associations between deprivation and care linkage remained in the same 
direction but were not as strong when restricting to those diagnosed after June 30, 2015 
(Table 4). The negative association between deprivation and viral suppression was 
slightly stronger when restricted to the more recent time period, increasing in magnitude 
away from the null for each quartile. However, given the smaller sample size relative to 
the full cohort, precision was reduced.  
In analyses allowing longer time to linkage, fully adjusted results for linkage to 
care within 90 days were similar to those for the main linkage outcome, though the 
magnitude of the associations between linkage to care and deprivation quartile 
decreased [PD (95% CI) for Q2 vs. Q1: -1.7% (-4.4%, 1.1%); Q3 vs. Q1: -0.6% (-3.2%, 
2.1%); Q4 vs. Q1: -3.3% (-5.8%, -0.8%)] (Supplemental Table 3).  
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When examining the associations between each NDI variable and each outcome 
in single-predictor models, all eight variables were associated with the outcomes in the 
expected direction (Supplemental Figures 1, 3). In the multivariable model including all 
deprivation variables as predictors, the estimates were all closer to the null than in the 
single-variable models, likely reflecting the high correlation between the indicators 
(Supplemental Figures 2, 4).  
Discussion 
In this study, we examined the relationship between neighborhood deprivation 
and two early HIV care outcomes, linkage to care and incident viral suppression, among 
PLWH newly diagnosed between July 2013 and December 2017 in NC. We found that 
individuals who lived in more deprived census tracts had a lower probability of linking to 
care within 30 days of their HIV diagnosis compared to those in the least deprived 
tracts. These individuals also had a lower probability of achieving viral suppression 
within one year of diagnosis, though the association was not as strong. This study adds 
to the literature on the relationship between neighborhood deprivation and health, 
showing increased deprivation is negatively associated with the positive HIV care 
outcomes of linkage to care and viral suppression.  
We used a multi-dimensional deprivation index to characterize disadvantage 
across neighborhoods in a statewide cohort of newly HIV-diagnosed people, whereas 
prior work in this domain has examined HIV care outcomes and individual-level 
deprivation in hospital cohorts47,61,62 or has used three or four census variables to 
characterize neighborhoods.63,64 Consistent with previous research, we found that living 
in a more deprived census tract was associated with decreased likelihood of both linking 
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to care and achieving viral suppression when compared to residence in the least 
deprived census tracts. In non-stratified models, the probability of linking to care in the 
more deprived quartiles (Q2-Q4) was clearly decreased compared to the least deprived 
quartile. This pattern was also seen in models restricted to Black individuals. This 
general pattern of decreased linkage in more deprived vs. the least deprived NDI 
quartile was broadly similar among White people and those in the Other racial category, 
though with less precision due to smaller numbers.  
The patterns of association between deprivation and viral suppression were more 
varied than those observed for linkage to care. In the non-stratified models, regardless 
of adjustment approach, residents of the tracts in Q1 and Q3 had comparable outcome 
probabilities, while those in Q2 and Q4 did worse by comparison. When stratified by 
race, the probability of achieving viral suppression was lower in Q2-Q4 compared to Q1 
among Black individuals, though CIs spanned the null.  We also saw similar 
probabilities between Q1 and Q3 and worse probabilities in Q2 and Q4 among non-
Black individuals. The smaller sample sizes in stratified models may partially explain the 
variability in quartile-specific comparisons across racial/ethnic categories, but potential 
differences by race/ethnicity in NDI-viral suppression relationships warrant further study 
in future work. 
Although the surveillance dataset used in this study is the most comprehensive 
source for identifying PLWH in NC, it has limitations common to surveillance data. 
Specifically, many important individual-level factors, such as income or insurance 
status, are not collected, and therefore we could not control for these potential 
confounders of relationships between neighborhood deprivation and our outcomes of 
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interest. Both individual and neighborhood (census tract) characteristics were assessed 
in this study. However, due to the low number of newly HIV-diagnosed persons in most 
census tracts, we did not construct a multilevel regression model; therefore, we were 
unable to differentiate between the influence of census tract-specific and individual-level 
characteristics. The surveillance data system also does not include information on HIV 
care visit dates, ART initiation, or ART adherence, so we were unable to directly assess 
care linkage or estimate relationships between neighborhood deprivation and ART-
related processes that affect viral suppression. We were also unable to identify 
individuals who were diagnosed in NC but moved out of the state in the first year. These 
individuals were retained in the analysis (i.e., coded as outcome-positive if they 
experienced each outcome prior to relocating and outcome-negative otherwise) even 
though they may not have had a full year for follow-up lab measures in NC.  
Measurement error is another potential limitation of this analysis. Some larger 
hospital systems and lab companies were delayed in achieving full reporting of all lab 
values after it became mandatory in 2013, which could have led some individuals to be 
misclassified as not linking to care or not being virally suppressed because their labs 
were not submitted to the surveillance system. We addressed this possibility with a 
sensitivity analysis restricted to the period in which reporting was essentially complete 
statewide, finding broadly similar results. Additionally, some observed lab values on the 
same day or within a few days of diagnosis (N=619) may not reflect true linkage to care, 




In addition to the use of a comprehensive statewide surveillance system of all 
individuals diagnosed with HIV during our study period, a notable strength of this study 
relative to the existing literature is the use of a deprivation index, which provides a more 
complete representation of residential context. An individual does not experience just 
one factor associated with deprivation, but rather multiple factors that all influence each 
other. We observed that when deconstructing the index, each component had varying 
associations with the outcome; combining them into an index enabled a more simplified 
analysis while accounting for a more complex conceptualization of deprivation.  
In this study, we found that people newly diagnosed with HIV living in more 
deprived census tracts have a lower probability of linking to care within 30 days of their 
diagnosis date and achieving viral suppression within a year of their diagnosis date than 
those in the least deprived tracts. Studies such as ours that focus on the relationship 
between neighborhood disadvantage and health outcomes can be used to identify 
where community-level interventions can improve the health of individuals by improving 
the health of the neighborhood. By studying associations between neighborhood 
deprivation and HIV care outcomes, we can identify neighborhoods in which residents 
are at greatest risk of not promptly linking to care and achieving viral suppression. 
These findings can identify where community-level interventions to support care 





Table 3. Demographic characteristics and main outcomes of persons newly diagnosed with HIV with geocoded 











Total HIV diagnoses 1076 (18.3) 1239 (21.1) 1396 (23.8) 2163 (36.8) 5874 
Number of census 
tracts 
404 (25.0) 403 (25.0) 403 (25.0) 403 (25.0) 1613 
Tract population 1,962,464 (26.3) 1,982,932 (26.6) 1,839,696 (24.6) 1,681,717 (22.5) 7,466,809 
Sex 
Male 901 (83.7) 1028 (83.0) 1110 (79.5) 1673 (77.3) 4712 (80.2) 
Female 175 (16.3) 211 (17.0) 286 (20.5) 490 (22.7) 1162 (19.8) 
Age (Years) 
< 19 years 39 (3.6) 52 (4.2) 74 (5.3) 147 (6.8) 312 (5.3) 
20 - 29 years 397 (36.9) 513 (41.4) 595 (42.6) 909 (42.0) 2414 (41.1) 
30 - 39 years 240 (22.3) 263 (21.2) 306 (21.9) 448 (20.7) 1257 (21.4) 
40 - 49 years 190 (17.7) 202 (16.3) 204 (14.6) 303 (14.0) 899 (15.3) 
50 - 59 years 147 (13.7) 151 (12.2) 135 (9.7) 248 (11.5) 681 (11.6) 
> 60 years 63 (5.9) 58 (4.7) 82 (5.9) 108 (5.0) 311 (5.3) 
Race/Ethnicity 
Black non-Hispanic 528 (49.1) 691 (55.8) 886 (63.5) 1615 (74.7) 3720 (63.3) 
Hispanic/Latino 93 (8.6) 119 (9.6) 140 (10.0) 194 (9.0) 546 (9.3) 
White non-Hispanic 406 (37.7) 383 (30.9) 308 (22.1) 268 (12.4) 1365 (23.2) 
Other* 49 (4.6) 46 (3.7) 62 (4.4) 86 (4.0) 243 (4.2) 
Exposure Category 
Heterosexual-All 78 (7.3) 110 (8.9) 141 (10.1) 273 (12.6) 602 (10.3) 
IDU 14 (1.3) 32 (2.6) 36 (2.6) 47 (2.2) 129 (2.2) 
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MSM 645 (59.9) 683 (55.1) 776 (55.6) 1136 (52.5) 3240 (55.2) 
MSM/IDU 30 (2.8) 28 (2.3) 37 (2.6) 39 (1.8) 134 (2.3) 
Other Risks** 309 (28.7) 386 (31.2) 406 (29.1) 668 (30.9) 1769 (30.1) 
Urbanicity 
Urban 981 (91.2) 921 (74.3) 958 (68.6) 1649 (76.2) 4509 (76.8) 
Non-urban 95 (8.8) 318 (25.7) 438 (31.4) 514 (23.8) 1365 (23.2) 
Linked within 30 days 
Yes 744 (69.1) 774 (62.5) 870 (62.3) 1329 (61.4) 3717 (63.3) 
No 332 (30.9) 465 (37.5) 526 (37.7) 834 (38.6) 2157 (36.7) 
Virally suppressed 
within 1 year 
Yes 786 (73.0) 853 (68.8) 1006 (72.1) 1469 (67.9) 4114 (70.0) 
No 290 (27.0) 386 (31.2) 390 (27.9) 694 (32.1) 1760 (30.0) 
*Includes American Indian/Alaska Native, Asian, Native Hawaiian or Pacific Islander, Multiple races;
**Includes perinatal exposure, no identified risk factor, and no risk factor reported;




Table 4. Unadjusted probability differences (PD, %) and 95% CI comparing whether individuals 1) linked to care within 30 
days of an HIV diagnosis; 2) achieved viral suppression within one year of HIV diagnosis, by neighborhood deprivation 
quartile, stratified by date 
Diagnosis Date 
Outcome NDI Quartile 
7/2013-12/2017 7/2015-12/2017 
(N=5874) (N=3324) 
PD (95% CI) PD (95% CI) 
Linked to care 
within 30 days 
of diagnosis 
1 Reference Reference 
2 -6.7 -10.5 -2.8 -4.9 -9.9 0.2 
3 -6.8 -10.6 -3.1 -3.9 -8.8 1.1 
4 -7.7 -11.1 -4.3 -7.0 -11.5 -2.4
Virally 
suppressed 
within 1 year 
of diagnosis 
1 Reference Reference 
2 -4.2 -7.9 -0.5 -6.1 -10.8 -1.4
3 -1.0 -4.5 2.6 -2.7 -7.2 1.8
4 -5.1 -8.4 -1.8 -7.7 -11.9 -3.5
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Figure 2. Mean values (points) and 95% confidence intervals (CI; brackets) of individual NDI variables, by NDI quartile. 
POV = % of individuals with income below poverty line; FHH = % of families with female-headed households; INC = % of 
households with annual income <$30,000; PUB = % of households on public assistance; CROWD = % of crowded 
households (homes with >1 person/ bedroom); UNEMP = % of people age 16+ in the civilian population currently 
unemployed; ED = % of people age 25+ with less than a high school diploma; OCC = % of males and females in 
management and professional occupations.  
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Figure 3. Unadjusted and adjusted probability differences (points) and 95% confidence intervals (CI; brackets) comparing 
whether individuals linked to care within 30 days of an HIV diagnosis by neighborhood deprivation quartile, non-stratified 
(NS) and stratified by race 
3a) Unadjusted probability difference and 95% CI 3b) Adjusting for categorical age, sex/transmission risk, and urbanicity 




Figure 4. Unadjusted and adjusted probability differences (points) and 95% confidence intervals (CI; brackets) comparing 
whether individuals achieved viral suppression within one year of an HIV diagnosis by neighborhood deprivation quartile, non-
stratified (NS) and stratified by race
4a) Unadjusted probability difference and 95% CI 4b) Adjusting for categorical age, sex/transmission risk, and urbanicity 
4c) Adjusting for categorical age and sex/transmission risk 4d) Adjusting for urbanicity 38 
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CHAPTER FIVE: NEIGHBORHOOD-LEVEL DEPRIVATION AND RETENTION IN 
CARE WITHIN A YEAR OF LINKING TO CARE AMONG THOSE NEWLY 
DIAGNOSED WITH HIV IN NORTH CAROLINA, 2013 - 2017 
Introduction 
In the United States (US), barriers to healthcare remain pervasive for people 
living with HIV (PLWH).62,65 Barriers can occur at both the individual (e.g., lack of health 
insurance or access to a vehicle) or structural (e.g., poorly funded education systems or 
lack of public transportation) levels. Area-level poverty and deprivation are conditions 
that produce structural barriers that have been linked with negative outcomes along the 
HIV care continuum.10 The southeastern US, with the highest HIV burden and 
disproportionate poverty compared to other US regions6, is a particularly important 
region in which to study the relationship of area-level deprivation and HIV care 
outcomes.  
HIV treatment and prevention guidelines emphasize the importance of people 
living with HIV (PLWH) entering care and rapidly initiating antiretroviral therapy (ART) to 
achieve viral suppression.66 Prompt, sustained viral suppression can lead to a near-
normal life expectancy14,57 and prevent HIV transmission.25 To accrue these individual 
and public health benefits, PLWH must remain in continuous HIV care in order to 
sustain ART and viral suppression. To achieve the National HIV/AIDS Strategic Plan 
2021-2025 (NHSP)16 goal of keeping more people in care, it is important to identify 
barriers to HIV care retention. 
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Many studies examine how particular area-level deprivation indicators relate to 
retention in care67,68, but only a handful of studies combine multiple indicators to create 
an index.12,41 Because individuals can experience multiple areal-level exposures 
simultaneously, it is important to capture the relationship between HIV care retention 
and the variety of adverse exposures PLWH experience. In this study, we aim to assess 
the relationship between neighborhood deprivation and HIV care retention in the first 
year after care linkage among people newly diagnosed with HIV between July 2013 and 
December 2017 in North Carolina (NC). We hypothesize that individuals living in less 
deprived census tracts, compared with those living in more deprived tracts, will have a 
higher probability of care retention in the first year after linking.  
Methods 
Study population 
The data for this study come from the NC Electronic Disease Surveillance 
System (NC EDSS) and enhanced HIV/AIDS Reporting System (eHARS), which 
capture information collected and reported by local health departments for all persons 
newly diagnosed with HIV in the state of NC. These databases capture the HIV 
diagnosis date and limited sociodemographic information, including birthdate, self-
reported race/ethnicity, residential address, and presumed mode of transmission. Since 
July 2013, all CD4 and viral load (VL) measures collected from persons living with HIV 
(PLWH) have also been reportable by law to the NC EDSS.  
The population for this study is all persons 13 years of age and older who were 
newly diagnosed with HIV in NC between July 2013 and December 2017 with a 
residential address that could be geocoded to a NC census tract. We used the Geocode 
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Addresses tool within ArcMap, using the Esri Business Analyst 2018 Address Locator 
(StreetMap Premium for ArcGIS North America HERE 2017 Release 2, Redlands, CA). 
Persons diagnosed with HIV in prison were excluded, as neighborhood deprivation is a 
less relevant concept in these settings and HIV care occurs in-house. Individuals were 
also excluded from the analysis if they were known to have died within the one year 
follow-up period after their date of linkage, as per the HRSA core performance measure 
of annual retention in care.66,69 
Outcome measure 
In this study, we investigate HIV care retention, an important outcome along the 
HIV care continuum.40 Because care visit information is not collected directly in the 
surveillance system, laboratory measures (CD4 or HIV viral load measure) serve as HIV 
care markers, as is standard practice with care linkage and retention analyses using 
surveillance data.14,15 
An individual was considered linked to HIV care if they had at least one care 
marker (CD4 or VL measure) within a year of their diagnosis date. To account for labs 
drawn on the same day as diagnosis or as part of diagnosis during a hospital stay that 
may not reflect actual HIV care linkage, we excluded labs from the day of and day after 
diagnosis in defining linkage. Among those who linked to care, we assessed the main 
outcome of HIV care retention, which we defined as having at least two lab measures 
separated by at least 90 days in the one-year period after linkage.53  
Exposure measure and data source 
We calculated a neighborhood deprivation index (NDI) which has been validated 
and used for many health outcomes, including reproductive and cardiometabolic 
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outcomes.13,44  For temporal correspondence with our outcome data, we used data from 
the 2013-2017 American Community Survey (ACS) to construct the NDI. The NDI is 
calculated at the census tract level using the percentages of: 1) households in poverty, 
2) female-headed households with dependent children <18 years of age, 3) households 
earning <$30,000 per year, 4) households on public assistance, 5) households with >1 
person per room, 6) adults in the civilian population unemployed, 7) adults age 25+ 
earning less than a high school education, and 8) persons age 16+ in management and 
professional occupations As previously described13, each variable’s loading was 
calculated using principal component analysis (PCA). Each variable loading was then 
multiplied by the corresponding percentage value for the census tract, and the resulting 
products were summed across variables to create a score. The resulting score was 
standardized to create an index with mean 0 and standard deviation 1, with higher 
values indicating greater deprivation. Individuals were assigned a score based on their 
residential census tract at HIV diagnosis.  
Covariates 
We selected potential confounders and effect measure modifiers of the NDI-HIV 
care retention relationship a priori based on existing HIV care literature.46,47 Available 
variables for inclusion as potential individual-level confounders were sex assigned at 
birth, age at diagnosis, and presumed HIV transmission mode. Age was treated as a 
nominal variable with the following categories: 13-19, 20-29, 30-39, 40-49, 50-59, 60+ 
years of age. We also considered urbanicity of residence at the time of HIV diagnosis 
according to U.S. Department of Agriculture Economic Research Service Rural/Urban 
Commuting Areas51 (RUCA; Table 2) codes defined at the census tract level. Census 
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tracts were categorized as urban if the secondary code was 1.0 or 1.1. The remaining 
19 secondary codes were collapsed to create a non-urban category.70 We created a 
combined sex and presumed mode of transmission variable with the following possible 
values: female heterosexual, male heterosexual, men who have sex with men (MSM), 
female other risks, and male other risks, where other risks included injection drug use, 
perinatal transmission, or no risk identified on the surveillance form.  
We treated race/ethnicity as a potential effect measure modifier. Due to low 
numbers in some categories, race/ethnicity values were collapsed into three categories: 
Black non-Hispanic, White non-Hispanic, and Other. Because prior literature has shown 
that reduced time from diagnosis to linkage leads to better HIV care outcomes12, we 
treated days from diagnosis to linkage as another potential modifier, with stratification 
based on linking promptly (< 30 days) versus not linking promptly (>30 days). 
Statistical analysis 
We divided neighborhood deprivation into quartiles among the census tracts that 
had at least one person link to care within a year of diagnosis. Quartile 1 (Q1) 
represented the least deprived tracts and quartile 4 (Q4) the most deprived tracts. We 
computed descriptive statistics for the main outcome and covariates by NDI quartile. We 
calculated probability differences (PD) and 95% confidence intervals (CI) comparing 
outcomes among those residents in more deprived tracts [quartiles 2 (Q2), 3 (Q3), 4 
(Q4)] to those in the least deprived tracts in Q1 using unadjusted linear models. We 
then constructed three multivariable linear models adjusting for 1) age at diagnosis, sex 
and presumed mode of transmission, and urbanicity; 2) individual-level covariates only 
(age at diagnosis, sex and presumed mode of transmission); and 3) area-level only 
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(urbanicity). When stratifying by race/ethnicity, we only present results for Black and 
White strata, due to the small number of individuals categorized as Other and the 
resulting imprecision in estimates. All analyses were conducted using SAS 9.4 (Cary, 
NC).  
Results 
Of the 5874 individuals newly diagnosed with HIV in our study period, we 
excluded 139 who died and 602 who did not link to care within one year of linkage, 
leaving 5133 who linked within one year of diagnosis as our analytic sample. Most of 
those in our analytic sample were male (80%), identified as Black (63%), were between 
the ages of 20 and 39 at the time of diagnosis (63%), identified as MSM (57%), and 
lived in urban tracts (77%) (Table 5). The percentage of total HIV diagnoses increased 
as deprivation increased, with 19% of diagnoses in Q1 (least deprived), 21% in Q2, 
24% in Q3, and 36% in Q4 (most deprived). The median time to linkage was within the 
CDC-recommended 30 days [CDC] in all quartiles, but linkage in the least deprived
tracts was slightly faster than in the most deprived tracts (Q1: 24 days, Q2: 27 days, Q3: 
26 days, Q4: 26 days). There was, however, sociodemographic variation across 
quartiles. The percentage of newly diagnosed PLWH who were women or Black 
increased as deprivation increased. Most of the population was retained in care in the 
first year after linkage (N=3891, 76%), with little variability across quartiles (Q1: 75%, 
Q2: 74%, Q3: 77%, Q4: 76%). 
In unadjusted models, the probability of being retained in care in the year after 
linkage was not associated with NDI quartile, with individuals in Q3 and Q4 (the more 
deprived quartiles) having a slightly higher probability and Q2 having a slightly lower 
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probability, compared to Q1 (Figure 5). Results were similar between unadjusted and 
adjusted models, with Q3 and Q4 having a higher probability and Q2 having a lower 
probability of being retained in care compared to Q1. Specifically, the fully adjusted 
probability differences and 95% confidence intervals (CI) comparing Q2, Q3, and Q4 to 
Q1 were -0.2% (-3.9%, 3.5%), 3.1% (-0.5%, 6.7%), and 2.5% (-0.9%, 5.8%), 
respectively.  
Those who linked promptly had higher retention rates in all quartiles than those 
who did not link promptly (Figure 6). Among those who linked to care promptly, 
individuals in Q2, Q3, and Q4 had a higher probability of being retained in care 
compared to those in Q1, although the effect estimates were indistinguishable from the 
null (Table 6). Among those who did not link promptly, adjusted models showed a 
similar pattern as the unstratified models, but with larger variations. 
Variability was evident when analyses were stratified by race, although the CI for 
all estimates crossed the null (Table 6). For those who identified as White, there was a 
higher probability of care retention in Q2, Q3, and Q4 compared to Q1. Among Black 
persons, there was a similar pattern as in the unadjusted models, with Q3 and Q4 
having a higher probability and Q2 having a lower probability of being retained in care. 
Discussion 
Among people who were newly diagnosed with HIV in NC between July 2013 
and December 2017 and linked to care within one year of diagnosis, the probability of 
being retained in care in the year after linkage did not vary meaningfully by level of 
neighborhood deprivation. This observation held both for those who linked within 30 
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days and those who linked more than 30 days after diagnosis, and for both Black and 
White individuals.  
Retention rates for the overall population by quartile ranged from 74% to 77%. 
These retention rates are well below the goals set forth in the National HIV/AIDS 
Strategy71 (NHAS) 2020 (at least 90%). The NHSP16 and Ending the HIV Epidemic 
2030 (EHE) have loftier goals than the NHAS 2020 of 90%. This suggests that we need 
to focus on individuals in all neighborhoods, not just those with high deprivation, to meet 
the goals of the NHSP and EHE. When we stratified by prompt linkage, the rates 
increased slightly for those who linked within 30 days of their diagnosis (81%) and 
decreased for those who did not link promptly (69%), demonstrating that early 
engagement is important for outcomes further along the continuum. 
Previous analyses have shown that residence in census tracts with higher levels 
of neighborhood deprivation was related to linkage to care within 30 days of diagnosis 
and viral suppression in the first year.72 Our findings in the current analysis suggest that 
conditional on linkage, neighborhood deprivation is not further associated with retention. 
Rebeiro et al. also found adverse neighborhood social context, which used 
neighborhood-level indicators for poverty, education, labor-force retention, median age, 
and proportion of males and residents of black race by Zip code, was not significantly 
associated with poorer retention in care.67 Both this study and the Rebeiro study were 
done in the South and used similar definitions for retention, focusing on calendar time. 
Efforts to address geographic disparities in HIV outcomes, which overlap with racial, 
ethnic, and SES disparities73, should emphasize linkage. This study shows that 
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retention is equally poor when compared to the national and global target goals in the 
fight to end the epidemic. 
Notable strengths of this study include the use of statewide public health 
surveillance data, which is the most comprehensive dataset of all persons newly 
diagnosed with HIV in NC. A strength of this analysis relative to existing literature is the 
use of a neighborhood deprivation index, a comprehensive area-level view of 
deprivation comparing all tracts in NC. The deprivation index provides valuable context 
on how an individual does not experience just one exposure associated with 
deprivation. Using principal component analysis for the index creation, we measured 
how each variable is associated with one another and the relative importance of the 
directionality for each variable. Many previous studies include multiple exposure 
variables but fail to take into consideration how these variables interact with each other. 
Because this study uses surveillance data, we expect to have some 
misclassification of analytic subset and the main outcome. We used lab measures as 
visit proxies to determine the linkage date and assess retention. We excluded lab 
measures that occurred the same day or the day after diagnosis to limit overestimation 
of linkage, though it is possible some of these measures reflected true linkage to care.  
We have shown that HIV care retention in the year after HIV care linkage was widely 
suboptimal in NC during the study period, with little effect of neighborhood deprivation 
on HIV care retention. These analyses add to the literature that retention in care may 
not be as strongly associated with neighborhood deprivation as other HIV outcomes, 
like linkage to care and viral suppression. This suggests that programs that focus on 
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retention in care currently are working in terms of reducing inequity, but still fall short of 
meeting the goals for ending the epidemic. 
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Table 5. Demographics of the study population 
Q1 Q2 Q3 Q4 Total 
N % N % N % N % N % 
Total HIV diagnoses1 954 19.0% 1078 21.0% 1231 24.0% 1870 36.0% 5133 
Number of census 
tracts1 
384 24.9% 386 25.0% 381 24.7% 392 25.4% 1543 
Tract population, 
thousands1 
1,868 26.0% 1,924 26.0% 1,749 26.8% 1,643 24.4% 7,181 
Sex 
Male 798 83.6% 890 82.6% 970 78.8% 1447 77.4% 4105 80.0% 
Female 156 16.4% 188 17.4% 261 21.2% 423 22.6% 1028 20.0% 
Age (Year) 
< 19 years 37 3.9% 46 4.3% 63 5.1% 129 6.9% 275 5.4% 
20 - 29 years 360 37.7% 438 40.6% 534 43.4% 806 43.1% 2138 41.7% 
30 - 39 years 218 22.9% 234 21.7% 272 22.1% 391 20.9% 1115 21.7% 
40 - 49 years 166 17.4% 178 16.5% 175 14.2% 262 14.0% 781 15.2% 
50 - 59 years 125 13.1% 132 12.2% 120 9.7% 200 10.7% 577 11.2% 
> 60 years 48 5.0% 50 4.6% 67 5.4% 82 4.4% 247 4.8% 
Race/Ethnicity 
Black/African American 466 48.8% 590 54.7% 757 61.5% 1401 74.9% 3214 62.6% 
Hispanic/Latino 82 8.6% 144 13.4% 130 10.6% 165 8.8% 491 9.6% 
White/Caucasian 360 37.7% 337 31.3% 285 23.2% 229 12.2% 1211 23.6% 
Other* 46 4.8% 37 3.4% 59 4.8% 75 4.0% 217 4.2% 
Probable mode of 
transmission 
Heterosexual-All 74 7.8% 102 9.5% 128 10.4% 250 13.4% 554 10.8% 
IDU 11 1.2% 23 2.1% 31 2.5% 37 2.0% 102 2.0% 
MSM 583 61.1% 612 56.8% 702 57.0% 1030 55.1% 2927 57.0% 
MSM/IDU 28 2.9% 24 2.2% 36 2.9% 35 1.9% 123 2.4% 




Urban 868 91.0% 800 74.2% 851 69.1% 1427 76.3% 3946 76.9% 
Non-urban 86 9.0% 278 25.8% 380 30.9% 443 23.7% 1187 23.1% 
Retained in Care 
Yes 716 75.1% 798 74.0% 952 77.3% 1425 76.2% 3891 75.8% 
No 238 24.9% 280 26.0% 279 22.7% 445 23.8% 1242 24.2% 
1Row percentages; 
*Includes American Indian/Alaska Native, Asian, Native Hawaiian or Pacific Islander, multiple races (2 or more);
** Includes injection drug use, perinatal transmission, or no risk reported/identified on the surveillance form;




Table 6. Probability differences (PD) and 95% confidence intervals (95% CI) comparing whether individuals who linked to 
care within a year of an HIV diagnosis were retained in care by neighborhood deprivation quartile, adjusted for age, sex 
and mode of transmission, stratified by 1) prompt linkage to care, and 2) race 
NDI 
Quartile 









PD (95% CI) PD (95% CI) PD (95% CI) PD (95% CI) 
1 Reference Reference Reference Reference 
2 2.0 -2.6 6.5 -2.5 -8.6 3.7 -0.1 -5.4 5.2 2.2 -4.0 8.3 
3 3.8 -0.7 8.2 3.0 -2.9 8.9 1.9 -3.2 6.9 5.1 -1.4 11.5 
4 2.7 -1.4 6.8 2.2 -3.3 7.8 2.7 -1.8 7.3 2.4 -4.5 9.4 
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Figure 5. Unadjusted and adjusted probability differences (PD; points) and 95% confidence intervals (CI; brackets) 
comparing whether individuals who linked to care within a year of an HIV diagnosis were retained in care by neighborhood 
deprivation quartile 
Q1=Quartile 1, Q2=Quartile 2, Q3=Quartile 3, Q4=Quartile 4 
Adjusted 1: adjusted for categorical age, sex and mode of transmission risk, and urbanicity 
Adjusted 2: adjusted for categorical age, sex and mode of transmission risk 
Adjusted 3: Adjusted for urbanicity 
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Figure 6. Retention percentages, overall and by quartile, stratified by prompt linkage to care among those who linked to 
















CHAPTER SIX: CONCLUSIONS 
Summary of Findings 
The purpose of this dissertation was to assess the relationship between 
neighborhood deprivation and outcomes along the HIV care continuum. Though there 
are many interventions to reduce the spread of HIV, some communities still struggle 
with achieving goals set out by the White House, which include prompt linkage, 
increased retention in care, and achieving viral suppression, particularly in the southern 
United States.  
The data for this study come from the North Carolina Electronic Disease 
Surveillance System (NC EDSS) and enhanced HIV/AIDS Reporting System (eHARS) 
and included all individuals who were newly diagnosed with HIV in North Carolina 
between July 2013 and December 2017. We combined 2013-2017 ACS census data to 
calculate a deprivation index for each census tract in North Carolina, and this score was 
joined with the surveillance data.  
In aim 1, we found that individuals who live in more deprived census tracts have 
a lower probability of promptly linking to care (i.e., within 30 days of diagnosis) 
compared to those in less deprived tracts. This association was also seen when 
examining achieving viral suppression within one year of their HIV diagnosis, with those 
in more deprived tracts having a lower probability of achieving viral suppression during 
that period compared to those in less deprived tracts.  
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In aim 2, we found that there is no meaningful difference in probability of being 
retained in care when comparing those living in the most deprived census tracts to 
those living in the least deprived tracts. When stratifying by prompt linkage (<30 days 
from diagnosis), those who linked promptly had higher retention rates in all 
neighborhood deprivation quartiles when compared to those who did not link promptly. 
There was also not a meaningful difference when stratifying by race (Black vs. White) 
between the quartiles. For all quartiles, retention rates are below target goals  set forth 
in the National HIV/AIDS Strategy71 (NHAS) 2020 and National HIV Strategic Plan16 
(NHSP) 2021-2025. 
These dissertation findings suggest that overall, individuals living in more 
deprived tracts have worse outcomes along the HIV care continuum when compared to 
individuals in the least deprived tracts. These associations can vary depending on race. 
By studying associations between neighborhood deprivation and HIV care outcomes, 
we can identify neighborhoods where individuals are at risk of not promptly linking to 
care, which can inform where community-level interventions are most needed.  
Strengths and Limitations  
One of the limitations of this study is the use of a surveillance dataset. While this 
dataset is the most comprehensive dataset identifying PLWH in North Carolina, itself a 
strength, this dataset suffers from flaws common among surveillance data. Data 
collected are not standard across all sites and many important individual-level risk 
factors, like income or insurance status, are not collected.  
A strength of this analysis relative to existing literature is the use of a 
neighborhood deprivation index, a comprehensive area-level view of deprivation 
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comparing all tracts in North Carolina. The deprivation index provides valuable context 
on how an individual does not experience just one factor associated with deprivation; 
they all influence each other. We saw when deconstructing the index that each 
component had varying associations with the outcome. But together, they created a 
more complex picture of deprivation.  
Confounding  
Because the outcomes are based only on lab values and not individual visit 
details, there is likely measurement error. An individual could have HIV visits without lab 
tests that meet the outcome definitions, but these visits wouldn’t be captured in the 
surveillance system. As with any information that requires manual input of information, 
some lab dates were reported incorrectly and therefore could not be used in 
determining outcomes.  
Some larger hospital systems and lab companies took longer to achieve full 
reporting of all lab values after it became mandatory in NC in July 2013, which could 
have led to some individuals being misclassified as not linked to care or not virally 
suppressed because their labs were not submitted to the surveillance system. As more 
hospitals implemented the required reporting of all lab measures, we would expect to 
see a decrease in misclassification in later years. 
Public Health Implications and Future Directions 
It is known that entering care as soon as possible after diagnosis and staying in 
care is essential for persons living with HIV (PLWH) to achieve viral suppression and 
live longer than their counterparts who do not enter care. Individuals diagnosed early 
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and who start ART care soon after diagnosis can expect to have a normal life 
expectancy.  
This project will aid the state of North Carolina in achieving the proposed 
National HIV Strategic Plan 2021-2025 and Ending the Epidemic 2030 goals. Currently, 
the state is close to meeting certain goals, including having 90% of PLWH aware of their 
status, with North Carolina having an estimated 87% diagnosed and reported as of 
2017. This project identifies neighborhoods where linkage, retention, and viral 
suppression are low. Identifying these high-deprivation, poor-outcome areas is 
important in knowing what interventions will be best.  Increasing access to 
transportation or increasing job opportunities are among some of the potential areas the 
state can target to decrease neighborhood deprivation.  
APPENDIX 
Supplementary Information for Chapter Four 
Supplemental Table 1. Unadjusted and adjusted probability differences (%) and 95%CI comparing whether individuals 
linked to care within 30 days of an HIV diagnosis by neighborhood deprivation quartile, stratified by race 
*Includes Hispanic, American Indian/Alaska Native, Asian, Native Hawaiian or Pacific Islander, Multiple races
Model NDI Quartile 
Not Stratified Race Stratified 





PD (95% CI) PD (95% CI) PD (95% CI) PD (95% CI) 
Unadjusted 
1 Reference Reference Reference Reference 
2 -6.7 -10.5 -2.8 -7.5 -12.9 -2.0 -6.7 -12.9 -0.5 1.9 -8.8 12.5 
3 -6.8 -10.6 -3.1 -5.9 -11.1 -0.7 -4.5 -11.1 2.1 -3.4 -13.7 6.9 






1 Reference Reference Reference Reference 
2 -6.0 -9.8 -2.2 -7.2 -12.6 -1.8 -3.7 -10.0 2.7 1.5 -9.2 12.2 
3 -6.4 -10.1 -2.7 -6.7 -11.8 -1.5 -1.8 -8.4 4.8 -5.0 -15.4 5.5 






1 Reference Reference Reference Reference 
2 -5.1 -8.8 -1.3 -6.0 -11.4 -0.7 -4.6 -10.7 1.6 2.4 -8.2 13.1 
3 -5.2 -8.9 -1.6 -4.8 -9.8 0.2 -2.7 -9.1 3.7 -3.0 -13.3 7.2 
4 -6.3 -9.7 -3.0 -5.5 -10.1 -1.0 -1.9 -8.6 4.8 -0.2 -9.9 9.5 
Adjusted for 
urbanicity only 
1 Reference Reference Reference Reference 
2 -7.6 -11.5 -3.8 -8.6 -14.1 -3.1 -5.9 -12.3 0.4 0.7 -10.0 11.3 
3 -8.1 -11.9 -4.3 -7.7 -12.9 -2.4 -3.7 -10.3 3.0 -5.8 -16.3 4.8 
4 -8.6 -12.1 -5.2 -7.7 -12.4 -2.9 -2.7 -9.5 4.2 -2.1 -11.8 7.7 
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Supplemental Table 2. Unadjusted and adjusted probability differences (%) and 95% CI comparing whether individuals 
achieved viral suppression within one year of an HIV diagnosis by neighborhood deprivation quartile, stratified by race. 
Model NDI Quartile 
Not Stratified Race Stratified 





PD (95% CI) PD (95% CI) PD (95% CI) PD (95% CI) 
Unadjusted 
1 Reference Reference Reference Reference 
2 -4.2 -7.9 -0.5 -2.9 -8.2 2.4 -5.5 -11.4 0.5 -1.4 -11.2 8.3 
3 -1.0 -4.5 2.6 -1.6 -6.6 3.5 1.6 -4.4 7.6 8.3 -0.4 17.0 






1 Reference Reference Reference Reference 
2 -2.8 -6.4 0.8 -2.5 -7.8 2.8 -3.0 -9.0 2.9 -1.6 -11.7 8.6 
3 0.0 -3.6 3.5 -2.0 -7.0 3.1 4.3 -1.7 10.3 6.7 -2.9 16.2 






1 Reference Reference Reference Reference 
2 -2.7 -6.3 0.9 -2.3 -7.6 3.0 -3.9 -9.7 2.0 -1.7 -11.6 8.3 
3 0.1 -3.4 3.5 -1.6 -6.6 3.4 3.2 -2.6 9.0 6.7 -2.5 15.9 
4 -3.8 -7.0 -0.5 -1.1 -5.6 3.4 -6.1 -12.9 0.6 -4.8 -14.0 4.4 
Adjusted for 
urbanicity only 
1 Reference Reference Reference Reference 
2 -4.2 -7.9 -0.5 -3.1 -8.4 2.3 -4.3 -10.4 1.8 -1.4 -11.2 8.4 
3 -1.0 -4.6 2.6 -1.9 -7.0 3.2 3.0 -3.1 9.1 8.4 -0.5 17.2 
4 -5.2 -8.5 -1.8 -1.3 -5.9 3.4 -7.2 -14.0 -0.4 -5.3 -14.3 3.7 
*Includes Hispanic, American Indian/Alaska Native, Asian, Native Hawaiian or Pacific Islander, Multiple races
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Supplemental Table 3. Fully adjusted probability differences (%) and 95% CI comparing whether individuals linked to 
care within 90 days of an HIV diagnosis, by neighborhood deprivation quartile, stratified by race 
Model NDI Quartile 
Not Stratified Race Stratified 





PD (95% CI) PD (95% CI) PD (95% CI) PD (95% CI) 
Adjusted for 
categorical 




1 Reference Reference Reference Reference 
2 -1.7 -4.4 1.1 -3.7 -8.1 0.7 -0.2 -4.7 4.3 5.5 -3.6 14.6 
3 -0.6 -3.2 2.1 -2.5 -6.6 1.7 2.7 -1.4 6.8 6.1 -1.7 14.0 
4 -3.3 -5.8 -0.8 -2.9 -6.6 0.8 -2.7 -8.0 2.7 -0.8 -8.4 6.9 
*Includes Hispanic, American Indian/Alaska Native, Asian, Native Hawaiian or Pacific Islander, Multiple races
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POV = % of individuals with income below poverty line; FHH = % of families with female-
headed households; INC = % of households with annual income <$30,000; PUB = % of 
households on public assistance; CROWD = % of crowded households (homes with >1 
person/ bedroom); UNEMP = % of people age 16+ in the civilian population currently 
unemployed; ED = % of people age 25+ with less than a high school diploma; OCC = % 
of males and females in management and professional occupations. 
Supplemental Figure 1. Association [Probability difference (points), 95% CI 
(brackets)] between a 10-percentage point increase in the variable and linkage to 





Supplemental Figure 2. Association [Probability difference (points), 95% CI 
(brackets)] between a 10-percentage point increase in the individual variables of 
the NDI and linkage to care within 30 days of diagnosis: One model including all 
variables 
 
POV = % of individuals with income below poverty line; FHH = % of families with 
female-headed households; INC = % of households with annual income <$30,000; 
PUB = % of households on public assistance; CROWD = % of crowded households 
(homes with >1 person/ bedroom); UNEMP = % of people age 16+ in the civilian 
population currently unemployed; ED = % of people age 25+ with less than a high 






Supplemental Figure 3. Association [Probability difference (points), 95% CI 
(brackets)] between a 10-percentage point increase in the variable and viral 
suppression within one year of diagnosis: Separate models for each variable 
 
POV = % of individuals with income below poverty line; FHH = % of families 
with female-headed households; INC = % of households with annual income 
<$30,000; PUB = % of households on public assistance; CROWD = % of 
crowded households (homes with >1 person/ bedroom); UNEMP = % of 
people age 16+ in the civilian population currently unemployed; ED = % of 
people age 25+ with less than a high school diploma; OCC = % of males and 





Supplemental Figure 4. Association [Probability difference (points), 95% CI 
(brackets)] between a 10-percentage point increase in the variable and viral 
suppression within one year of diagnosis: One model including all variables 
 
POV = % of individuals with income below poverty line; FHH = % of families 
with female-headed households; INC = % of households with annual income 
<$30,000; PUB = % of households on public assistance; CROWD = % of 
crowded households (homes with >1 person/ bedroom); UNEMP = % of 
people age 16+ in the civilian population currently unemployed; ED = % of 
people age 25+ with less than a high school diploma; OCC = % of males and 
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